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ITITLE OF THE INVENTIC N] 
Exhaust Gas-deanii^ Catal; rst 



th]» 



8up< inor 
effe ±ive 



[ABSTRACT] 
[Object] The object of 
catalyst which provides 
durability^ and which is 
[Constituent Feature] The 
csxxymg at least one metal 
or comprises zeolite p 
earth metaL 



carry] ng 



invention is to provide an exhaust gas-deaning 
NOx removal activity after treatment for hi^^er 
in cleaning oxygen-rich exhaust gases, 
exhaust gas-deaning catalyst comprises zeolite p 
selected firom copper, cobalt, nickel, iron and platinum, 
copper and an alkaline earth metal and/or a rare 



[WHAT IS CLAIMED IS] 
1. An exhaust gas-deaxxir g 



one metal selected £rom 
An exhaxist gas-cleanix g 
carries copper and at le 
rare earth metals. 



catalyst comprising zeolite P which carries at least 
copper, cobalt, nickel, iron and platinum. 

catalyst according to daim 1 wherein the zeolite p 
ist one metal selected firom alkaline earth metals and 



PETAILED DESCRIPTIOJ 



[0001] 

[Field of the Invention] 
catalyst to remove 
combustion engines ot 
invention relates to an 
firom oxygen-rich exhaust 
combustion engines by 
(O2). In the present 
gases that contain oxygen ii 
the reducing substances in 
and hydrocarbons. 



nitrog m 



exhiust 



g^ses 



inver tion. 



OF THE INVENTION] 



rhis invention relates to an exhaust gas-deaning 
oxides (NOx) from exhaust gases of internal 
example, automobiles. More particularly, the 
gas-deaning catalyst capable of removing NOx 
(so-called lean exhaust gases) emitted firom lean- 
effeijtively decomposing it into nitrogen (N2) and oxygen 
oxygen-rich exhaust gases" refers to exhaust 
larger quantity than necessary to completely oxidize 
the exhaust gases, such as carbon monoxide, hydrogen 



[0002] 

[Prior Art] Conveationally, it is known that noxioTL^ substances, such as 
nitrogen oxides (NOx), carl on monoxide (CO) and hydrocarbons (HQ, in the 
exhatist gases of internal oo nbustion engines can be removed using a three-way 
catalyst which carries plati oium, rhodium, palladium or the like metal on the 
support. For the exhaust { ;as of diesel engines, however, the above three-way 
catalyst is not effective in I FOx removal, due to the high oxygen content in the 
exhaust gas. 



e: igines . 



[0003] Recently, gasoline 
to achieve low fuel 
exhaust gas of a lean-com{>ustion 
mentioned conventional 



three 



have been required to provide lean combustion 
consumption and decrease CO2 emissions. However, since the 
gasoline engine is oxygen-rich, the above- 
-way catalyst is not effective. 



[0004] In this situation, re searchers have proposed various automobile exhaust 
gas-c lean i n g catalysts, whid l oxidize CO and HG and reduce NOx simultaneously. 
Among these catalytically NOx cracking catalsrsts is Cu-supporting zeolite 
catalyst (Cu^M-5), in which zeolite is ionically exchanged with copper (as is 
disclosed in Japanese Paten Provisional Publication No. 125250/1985). 



[0005] The U.S. Patent 
process for manufacturing 
using zeolite fi. 



No. 3308069 (1967) owned by Mobil Oil discloses a 
Z' oolite but does not disclose NOx reduction cata^rst 



[0006] 

[Problem to Be Solved bj 
exchanged zeolite (ZSM-5) 
durability. Specifically, de^ite 
Cu*exchanged zeolite (ZSM 
after high temperature 
Accordingly, the object of 
cleaning catalyst which 
reduction efficiency, even 



tie 
pro^ dd 
af er 



the Invention] The conventionally known Ou- 
has not been put to practical tise due to its poor 
the high initial NOx reduction efficiency, the 
5) catalyst provides a low NOx reduction efficiency 
treatment at about 600^0 to improve durability, 
present invention is to provide an exhaust gas- 
es high heat resistance and therefore a high NOx 
treatment for improved durability. 



[0007] 



(Means of Solving the Prob em] To achieve the above object, an exhaust gas- 
deaning catalyst according x> the present invention comprises zeoUte p carrying 
at least one metal selected fi cm copper, cobalt, nickel, iron and platinum. 



[0008] An exhaust gas-defning 
comprise zeolite p carrying 
earth metals and rare earth knetals 



catalyst according to this invention may also 
^pper and at least one metal selected from alkaline 



[0009] The inventor conducted various researches to solve the durabili^ 
problem of the conventional exhaust gas-deaning catalyst with ZSM-5 zeolite as a 
support, and successfully ob ;ained a heat-resistant exhaust gas-deaning catalyst 
which carries copi>er, cobalt, nickel, iron and/or platinum on zeolite whidi 
differs from the conventiona ZSM-5 zeolite. 



contin tied 



[0010] The inventor 
performance and durability 
zeolite p to carry an alkaline 
copper. 



veU 



[0011] Zeolite 0 itself is a 
disdosed in various publics ti 
Patent No. 3308069. The 
man\i£Etctured by this proces 3 



[0012] Specifically, zeolite 



investigation, and found that the NQx reduction 
of the catalyst are further improved by allowing 
earth metal and/or a rare earth metal together with 



known substance whose manu£eicturing process is 
ions, induding the text of specification of the U.S. 
catalyst of the present invention uses zeolite P 
as a support. 



i for the present invention can be manufactured, as is 



disdosed in the U.S. Patent No. 3308069, through hydrothermal synthesis using 
silica sol as a silica source, sodium aluminate as an alumina source, and TEIA 
(tetraethylammonium hydi oxide) as a crystallizer. More specifically, gel 
mixtiure is retained in a teflon-lined stainless steel autoclave at 150oC under 
natural pressure (up to 20 k i^cm^ for a period firom 2 to 10 days. Desired zeolite 

hydrothermal synthesis. The crystal thus obtained 
is washed with water, driei, and heated to 550^0 to remove residual organic 
substances before it is usee as a catalyst support. The molar ratio of SiOs to 
AI2O8 of this the zeolite p <z3rstal is preferably between 10 and 100, and more 
preferably between 30 and 4 0. 



[0013] The exhaust gas-cl 
present invention is obtain^ 
least one metal selected £roD l 
ion exchange, impregnatio] l 
attained by soaMng the ze< lite 
soluble salt (such as acetat<i 
The amount of metal suppo^ ted 
1 : 0.5 to 1 : 2 in terms of th€ 



[e aning catalyst according to a first embodiment of the 



the invention is obtained by 



by making the above-mentioned zeolite p carry at 
the group consisting of Cu» Go, Ni» Fe, Pt and Pd, by 
or other ordinary process. The ion exchange is 
p in an aqueous solution of apprppriate water- 
and nitrate) of one of the above-mentiozxed metals. 

on the zeolite p is preferably, but not liniited to, 
atomic ratio of Al in zeolite p to the supported metaL 



[0014] The exhaust gas-dc aning catalyst according to a second embodiment of 



pairing the above-mentioned zeolite p carry Cu hy ion 



exchange, impregnation or c ther ordinary process. The amount of Cu supported 
on the zeolite p is preferably \ but not limited to, 50 to 80 mol% of Al in zeolite p. 
If the amount of supported C u is less than 50 mol%, the resultant catalyst will not 
provide the desired cataljrti ) activity. If the amo\mt of supported Cu is greater 
than 80 mol%, on the other land, Cu will tend to move and coagulate^ hampering 
the zeolite p in carrying a rare earth metal and/or an alkaline earth metaL 



[0015] The rare earth mfetal 
invention is preferably La, 
preferably Mg, Ca, Sr or Ba 
and at least one metal 
alkaline earth metals, on 
alkaline earth metal supported 
Al in zeolite p. The total ai loimt 
and Cu supported is preferap! 
Al in zeolite p. 



selected 



tie 



to be used in the second embodiment of the 
< Te, Nd, Y, Pr or Sm, and the alkaline earth metal is 
The catalyst according to this invention carries Cu 
firom the above-mentioned rare earth metals and 
support. The amoimt of rare earth metad and/or 
is preferably, but not limited to, 20 to 50 mol% of 
of rare earth metal and/or alkaline earth metal 
ly 80 to 120 mol%, and more preferably 100 mol%, of 



[0016] In the second 
carry Cu by ion exchange, i 
which ammonia etc. has 
pH value of the basic aqueous 



been 



emlKH iment 



of the present invention, i£ zeolite p is made to 
is preferable to use basic aqueous solution of Cu to 
added to increase the ion exchange capacity. The 
solution is preferably between 10 and 12. 



[0017] The rare earth naetal and/or alkaline earth metal are made to be 



acetate 



supported on the zeolite ^ 
solution oC for example, 
soaked in this aqueous solution 
Preferably, ammonia is add^ d 
the range between 10 and 12 



yy an ordinary method; that is, using an aqueous 
or nitrate of these metals. The zeolite p is 
after being ionically exchanged with Cu. 
to this aqueous solution to adjust the pH value in 
so as to prevent the elution of Cu ions. 



[0018] The catalyst accord ing to the present invention may have any desired 
form such as powder, pellets and honeycomb. 



[0019] The exhaust gas-c] 
capable of purifying exhadst 
os^gen-rich exhaust gas (in 
ratio from internal combustion 
the catalyst to contact the 



ilqaning catalyst according to the present invention is 
gas containing NOx, CO and HC, particularly 
other words, lean exhaust gas with a large air/gas 
engines ot for example, automobiles) by causing 
gas via an ordinary method. 



ea haust 



[0020] In purifying exhaus ; 
space velocity (SV) at which 
is not limited. The catalys ; 
300 to SOO^C. 



[0021] 

[Action] As a suggest, the 
present invention uses zeolite 
conventional zeolite (ZSM- >) 
oxidative exhaust gases that 
durability than the 



conventi )nal 



ea id/or \ 



[0022] The catalyst accoi 
Cu and a rare earth metal 
Cu has a higher selective ad^rption 
earth elements and alkalirle 
adsorb NO and NO2. Due 



and/or alkaline earth metal 
invention shows superior N(|x 
and 800*>C, Cu ions are easi y 



gas using the catalyst of the present invention, the 
the exhaust gas is introduced into the catafyst layer 
layer temperature is preferably in the range £rom 



catalyst according to the first embodiment of the 
P with higher heat resistance than that of the 
Accordingly, it effectively removes NOx firom 



contain HC and NOx. Furthermore, it has a higher 
Cu/ZSM-5 catalyst. 



^rdiog 



to the second embodiment of the invention carries 
an alkaline earth metal on the zeolite p support 
ability for NO than do other elements. Rare 
earth elements also provide cataljrtic activity to 
to these properties of Cu and the rare earth metal 
supported on the zeolite p, the catalyst of the present 
removal efBciency. At a temperature between 600 
reduced to copper metal which tends to move and 



coagtilate on the zeolite sup|)ort, 
the seoond embodiment of 
earth metal intervening in 
coagulating on the zeolite 



deteriorating the durability of the catalyst. In 
he invention^ the rare earth metal and/or fllVftliwA 
Cu ions prevent the copper metal from moving and 
thus improving the catalyst durability. 



su ;)portp 



[0023] 

[Examples] The present 
reference to the following < 
invention. 



invention will be described further in detail with 
e4amples, which are not intended to limit the present 



[0024] Example 1 and 
zeolite p. Gel mixture was 
siHca sol (SNOWTEX N 
40 wt%), 210.7 g of TEAOJJ 
Aldrich, 40 wt%), and 48.0 
in a teflon-lined stainless 
crystal. The resultant ciys^ 
for removal of residual 
the zeolite P thus obtained 



Comparative Example 1 Process fbr manufacturing 
prepared £rom 17.4 g of sodiimi aluminate, 581.0 g of 
manufactured by Nissan Chemical Industries Co., 
(tetraethylammonium hydroxide manufactured by 
g|of water. This gel mixture was retained for six days 
autoclave at ISO^C for hydrothermal synthesis of 
was washed with water, dried and heated to 550K7, 
substances, to obtain zeolite ^. The Si/Al ratio of 
20. 



SIC 2 



stsel 



orgajuc 



as 



[0025] This zeolite p was i 
solution of copper acetate 
serves as a catalyst seed, 
exchanged powder was drie< 
catalyst (Example 1). 
Example 1) was also produ{:ed 
method as for Example 1) 
was 109%. 



(vith 



For 



[0026] The conversion efEt^ency 
that of the Comparative Exfon 
gas simulating automobile 
model gas were as follows: 



i )nically exchanged with Cu by soaking it in aqueous 
the pH value adjusted to 11 by ammonia) which 
The ion exchange capacity was 107%. The Cu- 
at lOO^C, and baked at 500»C to obtain Cu/zeolite ^ 
comparison, Cu/ZSM-5 catalyst (Comparative 
through ion exchange with copper (by the same 
Fhe ion exchange capacity of the comparative catalyst 



of the Example 1 catalyst was compared with 
pie 1 cataljrst by causing them to contact a model 
exhaust gas. The composition and condition of the 



[0027] Composition of moc el gas (vol%): 0.1% CO, 0.03% H2, 0,08% C2H4. 4.3% 



[0028] The initial catalytic 



O2, 0.1% NO, 11.9% CO2, 2.3% H2O, and remaining percentage of N2 Space 
velocity (SV): 420,000 hr^. 



conversion efficiencies for HC, CO and NOx, were 



evaluated under catalyst lay &r temperature at 350»C, 400oC and A50^C. Table 1 
shows the result of evaliiatio a. The catalyst was treated for 20 hours at €0(Xi to 
improve the durability in * he flowing air containing 10 vol% of water. Hie 
catalytic conversion effiden des (after treatment for durability) for HC, CO and 
NOx were then evaluated m ider the same conditions as for the initial conversion 
efficiencies. Table 2 shows phe result. 

[0029] [Table 1] 

[0030] (Table 2] 

[0031] Example 2 and Comparative Example 2 Catalysts according to the 
present invention were prep ared and caused to contact a model gas simulating 
oxygen-rich lean exhaust g£ s, to evaluate the catalsrtic conversion efficiency for 
The cataljrtic convers Lon efficiency of comparative catalysts was evaluated 

seolite as a support of the catalyst of the present 
invention, was prepared in 1 he same procedure as for Example 1. This zeolite fi 
was ionically exchanged wit l Cu by soaking in aqueous solution of copper acetate 

to 11 by ammonia) for 24 hours under 8ui agitating 
condition, then filtered, wasted, and dried at llO^C. The catalyst thus obtained 
was used as Comparative C atalyst C-1. This Cu-supporting catalyst was then 

of acetate (with the pH value adjusted to 11 by 
Ca, Sr or Ba to allow a rare earth metal and/or an 
alkaline earth metal to be sibported on the zeolite 0. The resultant catalyst was 
filtered, washed, dried at 11 D^C, and baked for 3 hours in air at 5(X3^C, to obtain 
catalysts Nos. 2-1 through 2-8 (Example 2). Comparative Catalyst C-2 was 
obtained by subjecting the ci ^nventional ZSM-5 zeolite, in place of zeolite p, to ion 
exchange with copper, lable 3 shows the compositions and amounts of 
supported metals (molar rai io by percentage to Al in zeolite) of the catalysts of 
Example 2 and Comparative Example 2. 



NOx. 

by the same method. 



soaked in aqueous solutior 
ammonia) of La, Ce, Y, Mg, 



[0032] [Tables] 



[0033] The pellet cataly^ of Example 2 (Nos. 2-1 through 2-8) and of 
C!omparative Example 2 (No u Ol and C-2) were caused to contact with model gas 
simulating automobile ex&aust gas, to evaluate the catal3i;ic conversion 
efiEiciencies. The oompositic n and condition of the model gas were as follows: 

[0034] Composition of mod 3I gas (vol%): 0.1% CO, 0.03% Hj, 0,08% C2H4, 4.3% 
O2, 0.1% NO, 11.9% CO2, H)% H2O (for treatment to improve durabilily) or 3% 
H2O (for activity evaluation) ^ and remaining percentage of Na. 
Space velodly (SV): 420,00 3 hri. 
Evaliiation of catalytic activ: ty: 

Each catalyst was retained for 5 hours in the above model gas at TOO^C for 
treatment to improve durabi ily, and then measured for NOx conversion efEudency 
in the above model gas at Aop^C. Table 4 shows the result of measurement. 

[0035] [Table 4] 

(Note) The initial catalytic activity was virtually the same as that measured after 
treatment to improve durabi iity. 



emb< diment 
thai 



[0036] 

[Effect of the Invention] As 
according to the first 
initial catalytic activity 
450^C, the former shows big bii 
to improve durability. The 
invention is far superior in 
higher catalytic activity thai i 
Table 4. 



is obvious from Tables 1 and 2, although the catalyst 
of the invention provides somewhat lower 
the comparative catalyst particularly at 400 and 
ler catalytic activity than the latter, after treatment 
catalyst according to the second embodiment of the 
iurability to the comparative catalyst, and provides 
the catalyst of the first embodiment, as is clear from 
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